Background: Concerns about randomized controlled trial (RCT) generalizability typically center on characteristics of RCT patient participants. Possibly there are RCT site characteristics that distinguish RCT outcomes from those that can be expected in non-RCT settings.
C oncerns about the generalizability of randomized controlled trial (RCT) outcomes to usual care stem from the observation that RCT populations do not accurately reflect the diversity of patients or providers delivering treatment in routine care settings. [1] [2] [3] [4] Possibly, within this heterogeneity are patient or provider/setting characteristics that affect outcomes, perhaps differently between RCT and usual care settings. The increasing focus on improving health care quality demands a better understanding of which treatments will improve outcomes for usual care patients. Thus, efforts to pinpoint the variables that compromise generalizability are important in understanding how best to translate RCT findings into usual care settings and populations.
The National Institute of Mental Health (NIMH)-funded Systematic Treatment Enhancing Program for Bipolar Disorder (STEP-BD) offers a unique opportunity to examine concerns of generalizability in a large observational (OBS) study in which RCTs that are embedded within the larger OBS study structure recruit from the same patient and provider/clinic population. 5 Previously, we investigated how representative STEP-BD RCT participants were compared with participants in its OBS arm and found that study site (representing unmeasured site-level factors) was the largest predictor. 6 Therefore, an important follow-up question is whether site is associated with important patient outcomes (ie, is a confounder of the patient-level effect of RCT enrollment) and the extent to which any such association is accounted for in observed quantities such as site RCT enrollment propensity. In this paper, we evaluate whether sites most aggressive at enrolling their patients in an RCT are associated with better outcomes and whether any such association differs between RCT and OBS environments, where the latter is thought of as a surrogate for usual care settings. The importance of identifying RCT-usual care effect heterogeneity is that it provides a mechanism for more accurately generalizing results from RCTs to usual care or, alternatively, of gaining insight into why generalizability may be compromised. In this paper, we specifically examine whether site high RCT enrollment propensity is associated with better outcomes and if so whether the association is different for RCT participants compared with the OBS care population. This investigation is motivated by a basic model in which site high RCT enrollment propensity is a surrogate for various unobserved site traits that influence care delivery to patients and ultimately patient outcomes. We hypothesize that sites with high RCT enrollment have characteristics or approaches to patient care that lead to better outcomes (eg, perhaps more or better staffing resources, or an overall greater ability of the site to assign appropriate treatment and provide appropriate care). Because RCT care is subjected to study protocols (eg, involving the evaluation and monitoring of patients), we secondly hypothesize that site high RCT enrollment propensity will have a larger effect on patient recovery in the STEP-BD OBS arm than its RCT.
METHODS

Data Source
The STEP-BD aimed to conduct research in a diverse bipolar disorder population. As a rough initial screening tool, sites were required to have bipolar specialty programs with at least 100 active patients. Then sites were selected based on geographic balance and demographic diversity. 7 STEP-BD included an OBS arm that served as a pool of bipolar disorder patients for whom clinical treatments and course were monitored but who could also choose to participate in several RCTs, if clinically appropriate. In the OBS arm, providers received additional education about bipolar disorder treatment, but treatment options were not constrained. 5 Twentytwo STEP-BD sites were recruited from across 12 states. To ensure that all patients were eligible for the outcome, we restricted our sample to patients who had observations through to at least week 5 of follow-up; N = 17 sites with at least 1 RCT and 1 OBS arm participant remained ( Fig. 1 and see the Outcome section).
STEP-BD participants gave informed consent at each site to participate in the OBS arm, and additional consent if participating in an RCT. Further IRB approval was obtained from McLean Hospital, Harvard Medical School, and Geisel School of Medicine at Dartmouth College for this analysis.
We focus on the comparison of participants enrolled in the STEP-BD pharmacotherapy RCT for the treatment of acute bipolar depression to STEP-BD participants with acute depression who never enrolled in the RCT. 7 The goal of the RCT was to test whether antidepressant medication, adjunctive with a mood stabilizer or antipsychotic, improved bipolar-depression symptoms compared with mood stabilizers/antipsychotics plus a placebo. The findings were a null result, that is, the intervention and control arms yielded similar outcomes. We chose this RCT because it had the largest sample size among the STEP-BD RCTs, maximizing our ability to compare outcomes between the RCT and OBS arm care.
RCT participants were required to be adults aged 18 years and above who met the American Psychiatric Association's Diagnostic Statistical Manual-IV (DSM-IV) criteria 8 for bipolar-I or bipolar-II disorder. Bipolar diagnoses were determined by a modified Structured Clinical Interview for DSM Disorders (SCID), 9 and confirmed by the Mini-International Neuropsychiatric Interview (MINI). 10 Study participants were also required to meet the DSM-IV criteria for a major depressive episode within bipolar disorder. RCT exclusion criteria were individuals: requiring short-term intensive treatment for a co-occurring substance use disorder; having a history of either lack of response or nontolerance of the antidepressant study medications; and requiring either a dose change to a long-standing antipsychotic prescription, or addition of a new antipsychotic medication. Time-varying clinical characteristics [such as mood state (eg, depressed, manic)] and symptom severity scores [eg, the Clinical Global Impression-Severity (CGI-S) scales] were noted on the Clinical Monitoring Form (CMF), a standardized progress note for STEP-BD OBS and RCT study arms. 11 More complete details of the STEP-BD pharmacotherapy RCT study criteria and protocol can be found in Sachs et al. 7 Because the goal was to compare outcomes between those diagnosed with bipolar-depression but never enrolled in the RCT versus those enrolled in the RCT, we sought to apply eligibility criteria to the never enrolled in the RCT cohort that mimicked criteria used for the RCT by STEP-BD investigators. We first defined an "index acute bipolar-depressed visit." For the RCT, we defined the index visit as the CMF that was completed closest to the date of randomization. Preliminary analyses indicated that this occurred ± 7 days of randomization for 92.25% of the RCT sample. We then selected from the pool of OBS study arm participants those newly diagnosed with an acute depressive episode not previously enrolled in the RCT. In doing so, we used their first observed "depression" determination in a CMF as the index acute bipolar-depression CMF visit for each OBS arm participant.
The RCT protocol called for 4 follow-up visits over the first 6 weeks. Then, participants who responded to treatment received monthly visits for the next 20 weeks, whereas those who did not respond to treatment received biweekly visits (ie, more intensive monitoring) over the next 10 weeks. 7 Therefore, we include RCT study outcomes for up to 26 weeks following a participant's index CMF. In the OBS arm there was no specific protocol under which treatment visits were planned, but to retain parity with the RCT we followed participants for 26 weeks from their index CMF. We excluded participants without a CMF, or RCT participants for whom we were not able to identify the date for RCT consent.
We treated multiple observations in a week as separate observations (ie, repeated measurements), allowing both to contribute to the precision of an individual's status that week.
Outcome
Our outcome of interest was whether a participant was recorded as recovered (yes or no) in a given week. In STEP-BD, recovered was defined as having no more than 2 symptoms meeting DSM-IV threshold criteria for a mood episode and no significant symptoms present for 4 weeks. This differs from the primary outcome used by the RCT investigators, which required an 8-week period of "recovered." 7 Fewer visits in the OBS arm make our analysis amenable to a 4 rather than an 8-week recovered period. Because individuals could not meet our outcome "recovered" until week 5, our analysis studies patients beginning week 5. The CMF recorded mood status at each visit with the STEP-BD psychiatrist. We reduced the 8-category clinical status measure used in the STEP-BD OBS and RCT arms to a 3-level measure reflecting the mood symptom severity/ course: the first level includes the 4 diagnostic states (depression, mania, mixed/cycling, hypomania) and continued symptoms, the second level consists of roughening and recovering process states (transition points from and to recovered), and the third is recovered. This grouping was chosen to avoid levels that occurred rarely and maximize the ratio of within-group to between-group transitions between CMFs.
Predictors
The predictor of primary interest is high enrollment propensity, the indicator of whether the proportion of STEP-BD participants at a site exceeded the median across the sites. The reduction of a site's RCT enrollment propensity to a binary variable was performed because the relationship to the outcome did not appear to be purely linear and because binary predictors can be more easily interpreted. (The Appendix, Supplemental Digital Content 1, http://links. lww.com/MLR/B17, explores the sensitivity of the results to instead representing site RCT enrollment propensity as a continuous predictor in the model.)
To estimate the association of site RCT enrollment propensity on patient outcomes, high enrollment propensity is included in the model as a single main effect predictor. To test for effect heterogeneity between the RCT and OBS arms, an interaction term of high enrollment propensity with RCT participation is added to the model. Alternatively, to obtain stratified effects, separate high enrollment propensity variables for the RCT and OBS arm participants are included in the model. The difference of the coefficient for high enrollment propensity between RCT participants and OBS arm participants corresponds to the interaction effect.
Demographic predictors obtained upon entry to STEP-BD include age, sex, race/ethnicity (black, Hispanic, or other), education (less than high school, high school graduate, some college, or college graduate or more), income (divided by the median income of <$40,000 vs. Z$40,000), and insurance type (private insurance, Medicare only, Medicaid only, both Medicare and Medicaid, or none). Additional baseline predictors measured co-occurring psychiatric and general medical conditions that could complicate or otherwise influence bipolar disorder medication choices (psychiatric comorbidities: substance use disorders, anxiety disorders, attention deficit hyperactivity, and eating disorders; general medical comorbidities: pregnancy or hepatic, renal, pancreatic, seizure, thyroid, or inflammatory disorders). Psychiatric comorbidity, including past substance use disorder, was derived from the MINI 10 ; general medical comorbidities were based on participant self-report. Comorbidities (psychiatric and general FIGURE 1. Visual schema detailing patient and site inclusion and exclusion. The loss of patients at the final step is due to 2 patients with missing age who contributed a total of 4 observations to the dataset on which our statistical models were estimated. The patient-level (box) or site-level (oval) condition is noted at each step. CMF indicates Clinical Monitoring Form; RCT, randomized controlled trial. medical) were represented as separate categorical variables (eg, 0, 1, or 2+ co-occurring conditions). Other clinical predictors obtained at baseline were: the bipolar disorder symptom history from the Bipolarity Index and the CGI-S). 12 The CGI-S ranges from 1 to 7, with higher scores indicating greater illness severity. For the model, we categorized the CGI-S as: 1-3 = no or mild symptoms, 4 = moderate symptoms, and 5-7 = severe symptoms. Unlike the demographic and health status predictors obtained from the ADE, the CGI-S is a time-varying clinician-rated scale. However, we only use the baseline values (measured on or before week 1) as predictors. Notably, in the RCT, Sachs et al 7 found no difference in outcomes between the study medications (buproprion and paroxetine) or placebo. Therefore, we ignore the treatment a participant received within the RCT.
Although we do not include buproprion, paroxetine, or placebo treatment indicators in our statistical model, some of the RCT subjects also participated in an adjunctive psychotherapy study that found that the studied psychotherapies improved outcomes. 13 To adjust for such effects, we included psychotherapy study participation as a predictor in the present study. Occasionally, multiple CMFs were available on the same day, possibly due to the information being entered by both the RCT and OBS arm data managers. We selected 1 CMF per day to be included in the analysis and defined a hierarchy in which the (pharmacotherapy) RCT CMF took precedence over the psychosocial RCT CMF and in turn the psychosocial study CMF took precedence over the OBS arm CMF.
Statistical Analysis
Our primary analysis conditions on baseline covariates and estimates the probability of a participant being "Recovered" in a given week for weeks 5-26. We use a longitudinal design because preliminary analyses of the data found that out of 850 times when an individual was in the recovered state before their final observed CMF, on 233 (approximately 27%) they were non-Recovered (ie, in either the diagnostic or process subcategories of the clinical status measure) at their next CMF (Appendix Table A1 , Supplemental Digital Content 1, http://links.lww.com/MLR/B17). Therefore, subsequent observations contain additional information that can be utilized in a longitudinal modeling approach. We compressed the time scale across the weeks of follow-up so that linear trends would fit the data (see Appendix, Figure A , Supplemental Digital Content 1, http:// links.lww.com/MLR/B17, and accompanying text for details), allowing straight-forward interpretation of estimates.
As described in the Predictors section, we characterized site RCT enrollment propensity based on a binary variable, high enrollment propensity, which indicated whether a site's enrollment propensity exceeded the median of the sites (see Appendix Table A2 , Supplemental Digital Content 1, http://links.lww.com/MLR/B17, and accompanying text in Appendix A2, Supplemental Digital Content 1, http://links.lww.com/MLR/B17, for sensitivity analyses that use a Winsorized transformation of site RCT enrollment propensity as an alternative characterization of this predictor). We first estimate a single overall effect of high enrollment propensity and then develop a model allowing different regression coefficients of high enrollment propensity between the RCT and OBS arms.
To account for individual-level heterogeneity and the varied frequency and timing of follow-up observations between enrollees, each model included random effects for individual-specific intercepts and time slopes. The random effects component of the model allows data for all individuals with at least 2 CMFs to be used in the analysis irrespective of which weeks they had CMFs. Thus, in a sense there are no missing outcomes as the time slope for an individual imputes outcomes for them in weeks for which they did not have a CMF. Missing values of predictors were confined to 2 patients contributing 4 observations in the RCT arm who had unknown ages. Because the amount of missing data was minimal, we excluded these 4 observations as opposed to performing multiple imputation.
We also estimated a model with site random effects in addition to patient random effects. We found that no unexplained variation existed at the site level (results not reported) implying that it was sufficient to account only for heterogeneity between patients within sites in our primary analyses.
RESULTS
Upon applying the STEP-BD exclusion criteria and restricting the sample to sites with at least 1 RCT and 1 OBS arm member with a follow-up observation in week 5-26, our final study sample consisted of 1916 individuals (335 RCT, 1581 OBS) contributing 9236 (2391 RCT, 6845 OBS) complete nonmissing observations over weeks (Fig. 1 ). An average of 7.11 and 4.33 observations per participant were obtained from the RCT arm and the OBS arm, respectively, reflecting that RCT participants were seen more frequently. Some participants were followed for <6 months; the average weeks of follow-up (capped at 26) for participants in the RCT and OBS arms was 21.3 and 19.9, respectively (Table 1) . Table 1 shows unadjusted means of the predictors stratified by high enrollment propensity (high = above median, low = below median) and participant study type (RCT arm, OBS arm). The sample is composed primarily of participants who are white, college graduates, and privately insured. They typically have moderate symptoms, a clear bipolar history, and no general medical conditions that commonly complicate bipolar pharmacotherapy choices. The sample is more balanced with respect to sex (60% female).
Site high RCT enrollment propensity has a significant overall effect on Recovered [odds ratio (95% confidence interval) = 1.90 (1.19-3.03)]. In a further analysis that allowed for differential effects by study arm, we found that high RCT enrollment propensity has a strong positive association with Recovered for participants who do not participate in the RCT [2.13 (1.28-3.55)], despite having no association for RCT patients [1.03 (0.35-3.03)] ( Table 2 ). The smaller number of RCT participants meant that there was limited power to find a statistically significant difference in the high RCT enrollment propensity coefficient between the RCT and OBS arms (P = 0.23). The significantly larger coefficient of the time trend for the RCT compared with OBS participants [5.49 (3.83-7 .89) vs. 2.95 (2.46-3.54); P-value of the difference = 0.003] implies that the RCT patients recovered more quickly than those in the OBS arm. However, the flatness of Figure 2 beyond week 15 suggests that the overall proportion of individuals who recover at some point is about the same across the arms-a result consistent with Sachs et al. 7 
DISCUSSION
Our primary finding is that unmeasured factors associated with site RCT enrollment propensity are associated with greater clinical improvement in patient populations who are not RCT participants at that site. However, site high RCT enrollment propensity was not associated with differential outcomes among RCT patients. We conjecture that RCT enrollment propensity may reflect the culture at a site that is conducive to improved patient outcomes. However, because RCTs have strict protocols, site culture might be neutralized in the RCT environment. Several reasons have been posited in the literature that would explain why OBS arm participants at a site with a high RCT enrollment propensity may do better than their counterparts at a site with a low RCT enrollment propensity when there appears no such benefit for RCT participants. These include superior quality of patient monitoring and care giving. 14, 15 The above finding is all the more notable given that all sites were selected based on their prior track record of success in conducting RCTs. The requirement to have an active bipolar disorder specialty program and clinical research experience likely resulted in the sites used for this analysis being more advanced than in the United States as a whole. If this resulted in greater uniformity across the sites (eg, the restrictions to the eligibility criteria narrowed the diversity of the sites in the study compared with all US sites), the effect of RCT enrollment propensity on the outcome would not be as precisely estimated as it would be if the sample was more diverse. If sites with a broader range of recruitment success were included, one would then anticipate finding more precise results as there would be more statistical information to estimate the relationship of site RCT enrollment propensity to the outcome.
Limitations of our study include the relatively small number of subjects in the RCT, which reduce our power to detect a significant difference in the associations of site high RCT enrollment propensity between the RCT and OBS arms, despite the fact that we found a null effect in the RCT arm and a significant effect within the OBS arm. However, the pharmacotherapy RCT is by far the largest RCT in STEP-BD and few other studies contain both RCT and OBS arms [(the Woman's Health Initiative 3 and the Radiation Therapy Oncology Group combined RCT and usual care study are exceptions (J. Efstathiou, personal written communication, 2010)]. To the extent that our findings are limited by insufficient power to detect associations, this paper is a catalyst for investigating more studies like the STEP-BD.
Ideally, we would have known which patients were offered the chance to participate in the RCT (from which we could determine who accepted and who declined) as this would be a candidate instrumental variable for whether they 0.05 < P < 0.10. *0.01rP < 0.05. **0.001rP < 0.01. ***P < 0.001. RCT indicates that the patient participated in the RCT, whereas OBS indicates they remained in the OBS arm. The P-values for the interaction of site enrollment propensity above median and linear time trend with RCT participation were P = 0.230 and 0.003, respectively. CI indicates confidence interval; OBS, observational; RCT, randomized controlled trial.
participated in the RCT, potentially allowing the effects of unmeasured confounders to be negated. Unfortunately such information was not available. The findings from this research provide important information that enhances our understanding of RCT generalizability to non-RCT settings. Important future work would be to isolate the site characteristics of high RCT enrolling sites that are associated with improved patient outcomes, so that this information could be used to inform and improve usual care settings. Another avenue for further work would be to examine whether there are patient characteristics that have heterogenous effects on outcomes across the RCT and OBS settings. The identification of such effects may provide additional information on the generalizability of RCT results to usual care settings.
Our results highlight the importance of site effects, and possibly culture-even among sites that are experienced in conducting RCTs-that are associated with different outcomes among non-RCT participants. These findings also point to the need for rigorous analysis within RCTs to determine whether heterogenous effects exist across sites, as opposed to simply estimating a model with homogenous treatment effects, although such analyses are typically limited by sample size. Better understanding why different outcomes may be obtained under different settings or across different types of patients would improve our ability to understand how RCT outcomes can generalize to usual care settings, as well as help determine strategies for improving patient outcomes in usual care settings.
